Introduction
Due to an imperfection of electrical joint and the hysteresis loss in the self-correction coil, the current in the self-correction coil decays.
Because of this self-correction current decay, during the magnet operation, we must reset and refresh the self-correction current at some time intervals.
The reset of the self-correction current is performed by heating up a part of the self-correction coil and making a normal part and dumping the selfcorrect ion current to zero and after that cool down again to make the superconducting state under the high multipole components free condition.
If we perform the reset procedure of self-correction coi 1 at higher multi-. components not free condition then these higher multi-components will be trapped by self-correction coils. From this point of view we must notice the following fact that after excitation of the main coil, even in the zero current in the mail coil, there exists the residual magnetic field due to the persistent current in the main coil superconducting wires. Especially in the case of high field magnet (8T -lOT), because a lot of superconductor is used to produce high magnetic field, the effect of residual higher multipole components is a severe problem • *This work was supported by the Director, Office of Energy Research, Office of High Energy and Nuclear Physics, High Energy Physics Division, U. S. Dept. of Energy, To get the higher multi-components free space in the coil, we insert a thin iron tube inside the main coil, outside the self-correction coil. (See Figure 1 .) At very low magnetic field, even if we use a thin soft iron tube, we will be able to get enough shielding effect. On the other hand, at very high magnetic field, the iron tube will saturate completely and its permeability II decreases from about 4000 110 to lower than 211 0
•
This means the iron shielding tube becomes compltely transparent against the magnetic flux at high field.
We discuss here the shielding effect of a thin iron tube in very low field and very high field, by a simple analytical calculation and saturation effects of a thin iron tube in medium magnetic field by the numerical calculation using the computer code IIPOISSON II .
~n;alytical SoJution of Shielding Effect by Iron Tube
To estimate the shielding effect of thin iron tube, we make a simple model., Fi gure 1 shows the shielding iron tube, main coil and self-correction coil. For simplicity, we assume a current sheet at r = R for main coil and iron (ll = 00) sheil d at r = b for a return Yoke and a th in iron tube, inner radius a 1 and outer radius a 2 , permeability II for shielding of higher multi-components at very low magnetic field. The self-correction coil is installed inside the iron tube.
If we assume the permeabil ity II = constant in the shielding iron, we will be able to calculate the shielding effect analytically. (See Appendix.)
We define the shielding factor F as follows:
. a .
B (with iron tube) a .
(1)
where Bo is the magnetic flux density inside the iron tube. 
From the Eqs. (1) - (5), we get the following equation for shielding factor F. 
for the main coil current sheet, n is the multipolarity of magnetic field discussing.
Shielding Effect at Low Field
At very low field, because of no saturatioh effect in the iron tube, we can calculate the shielding factor F by using Eq. (6). Figure 2 shows permeability dependence of the shielding factor F of Eq. (6), where iron tube inner radius . a 1 = 2.5 cm, main coil current sheet radius R = 4 cm, iron (~= 00) shielding Yoke radius b = 5 cm was assumed, n = 1,2,3,5 represent the dipole, quadrupole, sextupole and decapole fields respectively.
Fran Figure 2 it is clear that we can get more shielding effect for higher multipole magnetic field.
If we use the soft iron for shielding tube, the permeability of soft iron will be about 4000 ~o at low magnetic field. tube thickness t = 0.25, 0.5, 1.0 mm respectively. Because the main component of residual magnetic field due to the persistent current in the superconductor is sextupole, the shielding factor F for n = 3 is important.
If we use the thickness t = 0.25 mm soft iron tube, the sextupole component decreases to 1/58 inside the iron shielding tube. 
Shielding Effect at High Field
If the permeabil ity II approaches to llO' this corresponds to complete saturation of iron tube in very high magnetic field, the shielding factor F will approach to 1. This means that under the high magnetic field the iron tube becomes transparent against the magnetic flux. Figure 6 shows . the shielding factor F at low permeability II values. For the higher magnetic field B (more than 5T), because the permeabiHty II is less than 2 llO (see Figure 4) , the shielding factor F is about 1.001 for t = 0.5 mm case (see Figure 6 ). That is this shielding tube has no effect for high magnetic field.
Saturation Effect of Iron Tube
We discussed the shielding effect by iron tube at very low magnetic field (less than Bexternal R::40 Gauss) and at high magnetic field (higher . . than Bexternal R::4T) by using a simple analytical calculation. Because of saturation effect in the iron tube, higher multipo'le error field, especially sextupole and decapole are produced between about 40 Gauss and 4T.
Of course self-correction coils inside the iron shielding tube cancel out these error fields, but it is very important to know the strength of these higher multi pole canponents. We discuss here about the saturation effect of ..
thin iron tube in the medium magnetic field. We use the computer code IIPOISSON II to take into account the saturati on effect of iron.
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Calculation by the Computer Code "POISSON i,
The geometry used for the "POISSON" is same as for the analytical calculation (see Figure 1) . Figure 7 (a) shows the triangular mesh for the numerical calculation of "POISSON".
Results of Numerical Calculations
(1) Field Profile
To get the idea of how to magnetic field penetrate into the iron tube, we show the magnetic field profile of different excitation stage (see
At very low excitation current (total current = 100 A), the iron shielding tube does not saturate and shields the external magnetic field (see According to the increase of excitation current, the iron tube begins to saturate and saturation effect appears (see Figure 7 (e)). At very high excitation current, the iron tube saturates so much that shielding effect decreases; the magnetic flux lines penetrate into the inside of the iron tube easily and field uniformity is improved again (Figures 7(j) ,(k)).
(2) Excitation Curves Figure 8 shows the magnetic field strength Bo at center (inside the shielding iron"tube) as a function of main coil total current. At low excitation current, the magnetic field Bo is very low by the iron tube shielding effect, but according to the increase of excitation current, the saturation effect in the iron starts and magnetic flux penetrate into the inside of iron tube rapidly and continues until iron tube reaches to the enough saturation •.
(3) Coefficients of Sextupole and Oecapole by the Saturation Effect of Shielding Effect Figure 9 shows the sextupole and decapole coefficients b 2 ,b 4 of magnetic field inside the iron shielding tube against excitation current.
We define the sextupole and decapole coefficients b i following manner:
where are coefficients for quadrupole, sextupole, decapole, respectively.
At low excitation current, there is no saturation in the iron tube so we can expect the enough shielding effect. But according to the increase of excitation current, large sextupole b 2 and decapole b 4 components appear due to the saturation of iron shielding tube and continue until the iron tube reaches to the enough saturation.
To check the thickness dependence of it, we calculate three cases (t=1.0, 0.5, 0.25 mm). By using the "POISSON", it is difficult to calculate the very thin iron tube case. So that, for easy to calculate, instead of direct solution of t = 0.5, 0.25 mm shielding tube, we change the stacking factor of iron shielding tube from 1.0 to 0.5 and 0.25 in the t = 1 mm shielding iron tube geometry.
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By reducing the thickness of iron tube, sextupole component b 2 and decapole component b 4 peaks shift to lower excitation current, but these strengths do not change so much.
From Figure 9 we can estimate the required maximum capacity of selfcorrection coil to correct the sextupole due to the saturation; at 0.1 T sextupole coefficient b 2 are 5x10-2 , 2.5x10-2 , 1,2x10-2 for t=l, 0.5, 0.25 mm respectively, these b 2 values are comparable to 1x10-3 , 0.5x10-3 , 0.24x10-3 due to the error field at the 5 T.
Conclusion
To get the higher multi pole components free space in the coil, it is very useful to use the thin soft iron tube. From the standpoint of complete shielding, it is better to use the rather thick shielding tube (about 1 mm), but from the standpoint of saturation effect of iron tube it is better to use the thin shielding tube. If we choose the t = 0.125 mm soft iron for shielding tube, we will get the enough shielding effect. (F ~ 25 for s~xtu pole n = 3) and equivalent b 2 value at 5 T due to the saturation effect wi 11 be about 1.2x10-4 • If we assume the t.B/Bo = 10-3 at r = 2 cm for the amount of correction by self-correction coil at 5 T due to th e error fi e 1 d then the value will -4 be 2.5x10 • The selfcorrection current due to saturation effect of shielding tube is about a half of the current due to the error field. And if we take into account the fact that in the case of saturation effect of shielding tube the self-correction coil works at very low field, we will be able to expect higher critical current Ic there, that is the saturation effect of the 0.125 mm thick shielding iron tube is easily corrected by the self-correction coil. 
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